The Fas ligand/Fas interaction plays an important role in the regulation of immune responses. Allografted cells undergo Fas-mediated apoptosis induced by CD8+ T cells. Our objective was to prevent human keratinocytes from immunologically induced apoptosis. We focused on three proteins with inhibitory function on Fas-mediated apoptosis. Human keratinocytes were transfected with either Flip, Faim, or Lifeguard (LFG). The treatment proved to be practicable and efficient. The recombinant keratinocytes with expression of our target proteins were cocultured with CD8+ T cells and the apoptotic activity was then evaluated. Activation of caspase-8 was detectable in control but not in the recombinant cells. Quantitative analysis revealed significant induction of T-cell-induced apoptosis in nontransfected keratinocytes (p = 0.04, n = 12) but not in Flip (p = 0.66), Faim (p = 0.42), or LFG (p = 0.44) expressing cells. Our results suggest that heterotopic expression of antiapoptotic proteins can induce the resistance of keratinocytes to a major mechanism of rejection.
INTRODUCTION
death domain (FADD) and tumor necrosis factor receptor-associated death domain (TRADD) leads to cleavage of initiator caspases-8 and -10 and forms the death-Apoptosis is a genetically controlled mechanism of cell death involved in the regulation of important pro-inducing signaling complex (DISC), ending in the death of the target cells (30). cesses such as tissue homeostasis, defense against pathogens, and the regulation of immune responses including A large number of proteins are linked to this highly regulated process and various proteins with either inhibi-the recognition of malignant or foreign cells. The activation of the programmed cell death by Fas/CD95-Fas li-tory or proapoptotic function have been characterized, targeting the understanding and controlling of the com-gand (FasL)/CD95L interaction is a key mechanism in the rejection of allografted tissues and cells. The detec-plexity of apoptosis. With the goal of preventing immunologically induced apoptosis in allografted keratino-tion of alloantigens on donor tissues by the recipient's T cells initiates the immune destruction of allogeneic cytes for the development of a universally graftable skin equivalent containing keratinocytes, we focused on three transplants (27, 39) . Two primary molecular mechanisms of inducing target cell death were shown in CD8+ T proteins possessing apoptosis inhibitory function. Shortly after the identification of caspase-8 and caspase-10, a cells: the perforin/granzyme-mediated pathway of cytolysis and the FasL/Fas (CD95) pathway (11, 18, 26) . Fas structurally related protein was found through its homology with their prodomains. Cellular FLICE inhibitory is a type I membrane protein of 47 kDa belonging to the TNF receptor superfamily, which is expressed on protein (c-Flip) (FLICE: FADD-like interleukin-1β-converting enzyme) was cloned independently by nine different immunocompetent cells (17) . Cross-linking by its specific ligand, a type II membrane protein of 37 kDa groups and therefore originally had eight different names (Casper, c-FLIP, CASH, CLARP, MRIT, Usurpin, named FasL, is expressed by CD4+ Th1 effector cells and CD8+ cytotoxic T lymphocytes and initiates an in-FLAME, and I-FLICE). Four groups found a proapoptotic function for this protein, while five groups reported tracellular signaling cascade in target cells (36, 37) . The recruitment of adaptor proteins such as Fas-associated an inhibition of apoptosis (1). Two variants of this pro-tein have been described: c-Flip S contains two N-termi-the cDNA transfection of human keratinocytes with c-Flip, Faim, and LFG, we determined the heterotopic pro-nal death effector domains (DEDs) and is very similar to the prodomains of caspase-8 and - 10 . In contrast, the tein expression in the recombinant cells and investigated the effect in coculture with CD8+ T cells. The transfec-long splice form c-Flip L is identical in length to caspase-8 but its caspase domain is altered and thereby inactive.
ted cells showed high expression of the target proteins. Significant resistance to Fas-induced apoptosis could be This structural homology with caspase-8 effects an interception of the downstream caspase cascade. The inhibi-shown. The use of genetically modified human keratinocytes presents a new therapeutic option of achieving im-tion of apoptosis by c-Flip L was supported by most data. The proapoptotic function through the activation of pro-mediate wound coverage in all burn patients by allowing the allografting of keratinocytes without rejection. caspase-8 is dependent on the expression level. Controlled expression of c-Flip L showed sensitization to Fas-MATERIALS AND METHODS induced apoptosis at low expression levels and blocked function in high expression levels (9) .
Amplification and Cloning of c-Flip L , Faim, A gene encoding for another antiapoptotic protein and LFG Gene Transcripts was discovered by Schneider et al. in 1999: the Fas apo-
The genetic sequences encoding c-Flip L (AF 010127), ptosis inhibitory molecule (Faim), which is upregulated Faim (NM_018147), and LFG (NM_012306) were taken in B cells resistant to Fas-mediated apoptosis (31) . This from the NCBI genebank. Transcripts were amplified gene was also cloned in two alternative splice forms from NCI CGAP Lym12 cDNA Library (ResGen Inwith varying expressions. These variations were responvitrogen Corp., Huntsville, AL). PCR was performed ussible for resistance to Fas-induced apoptosis in different ing Platinum Taq High Fidelity System (Invitrogen). tissues. The long form is dominantly expressed in the After addition of 3′ A-overhangs the PCR products were brain while the short form is expressed in many tissues cloned into the pcDNA5/FRT/V5-His-TOPO Vector (29, 42) . Sole et al. showed that the apoptosis-inhibitory (Invitrogen). effect depends on ERK and NF-κB signaling (33) .
The same year another molecule was isolated, which Harvesting Cells and Ex Vivo Culturing inhibits the apoptotic signal from the Fas receptor (34) .
Human Keratinocytes. Full thickness skin biopsies This gene was called Lifeguard (LFG) and is the human (2 × 2 cm) were placed in dispase overnight at 37°C. homologue of a rat protein, neuromembrane protein- 35 The epidermal layer was incubated in 0.1% Trypsin/ (NMP35) (32). LFG was found to protect cells uniquely 0.02% EDTA (20 min at 37°C) and passed through a from Fas but not from TNF-α death signals. LFG can 100-µm filter. After centrifugation the pellet was resusbind to the Fas receptor, but does not regulate Fas expended in supplemented Waymouth medium (Biopression or interfere with the binding of an agonist antichrome). The medium was changed to serum-free kerabody, nor does it inhibit the binding of FADD to Fas tinocyte medium (PromoCell) after 24 h. (34) .
Human CD8+ T Cells. Peripheral blood mononu-The evasion of immune rejection by grafted tissues clear cells (PBMC) were obtained from heparinized peand cells is a common aim in all fields of transplant ripheral blood of healthy, nonatopic donors. Diluted medicine. Concerning patients suffering from severe blood (1:1) with 0.9% NaCl solution was layered over a burn injuries, our objective is the development of a tol-1.077 g/ml Percoll solution (Biochrome) and centrifuged erable skin graft without consequences negatively influat 400 × g for 30 min at room temperature (RT). Monoencing the systemic immunologic status of the recipient.
nuclear cells from the interface cultured in RPMI-1640 The early debridement and immediate wound closure is (Biochrome) with penicillin/streptomycin and 10% FCS. an essential tool in the therapy of massive burns. The For separation of CD8+ cells, magnetic cell sorting gold standard of autologous skin grafting is limited by a (MACS) (Miltenyi Biotec) was performed (35) . Briefly, lack of sufficient donor material in extensively injured cells were labeled with specific CD8+ MicroBeads and patients. The temporary use of allogenic and alloplastic passed through a separation column in the magnetic field. material is constrained by rejection mediated through After removal the retained CD8+ cells were eluted. apoptosis of the cells once the patient regains immunological competence. Keratinocytes exhibit a profound in-Transfection trinsic immunogenicity due to the antigen-presenting properties of epidermal cells expressing MHC II and a Human keratinocytes were used before the third passage and transfected with FuGENE 6 (Roche) as de-host of inflammatory cytokines (4).
The objective of our study was the evaluation of gene scribed elsewhere. Briefly, cells were seeded in 10-cm dishes and grown to subconfluency. Transfection re-therapy as a new therapeutic option in burn care with the goal of developing nonrejectable keratinocytes. After agent (18 µl) was mixed with 600 µl keratinocyte me-dium (Biochrome) and incubated for 5 min at RT. Plas-detection of caspase-8 activation, and 4) fluorescent caspase-3/caspase-7 assay for quantification. mid DNA was added at 6 µg/dish and incubated for 15 min at RT. Transfection mixture was added to the cul-Cells in coculture were examined microscopically after 24, 48, and 72 h. To confirm vitality/death, cells ture dish. Cells were used after 24-48 h. Protein expression was tested by Western Blot immunoassay and im-were stained with propidium iodine (PI) after 72 h and analyzed fluoroscopically. munofluorescence.
Apoptosis Detection Assays. After 48 h in coculture
Western Blot Analysis. Cells were lysed in RIPA apoptosis in keratinocytes of all groups was tested by buffer (0.3 M NaCl containing Tris-HCl, sodium deoxy-FITC-Annexin-V (Roche) according to the manufacturcholate, SDS, Triton X-100, EDTA, and PMSF) and er's instructions. After staining cells were examined flucentrifuged (10,000 U/min for 10 min at 4°C). The total oroscopically. Keratinoyctes were separated from T protein content was determined by Bradford assay (Bio cells. Rad) and equal amounts of protein were separated by For detection of caspase activation, keratinocytes SDS-polyacrylamide gel electrophoresis according to were sorted using MACS as previously described and the method of Laemmli (23) followed by Western blotonly positive cells were incubated with anti-human ting to ECL-Hybond-nitrocellulose membrane (Amer-CD95 CBL537 (Chemicon Europe). sham) using standard techniques. After blocking in 5%
The total protein was harvested after 24 h and apononfat dry milk in TSBT, the membranes were incuptotic activity was determined by Western blot analysis bated with the antibodies of interest (diluted in TBST detecting procaspase-8 and its activated cleavage prodaccording to the manufacturer's instruction) overnight at uct (Santa Cruz Biotechnology).
4°C and then 1 h with secondary antibodies. The blots
For quantitative analysis the apoptotic activity was were visualized using NBT-BCIP (Roche) as a substrate determined in previously sorted and stimulated cells usto detect bound antibody.
ing Apo-One. Immunofluorescence. Cells were fixed in 4% paraformaldehyde for 20 min at RT. Treatment with 0.5% Statistical Analysis Triton X-100 allowed intracellular staining. After block-All data are expressed as mean ± SEM. Differences ing in 2% FCS/PBS cells were incubated with primary between experimental groups were assessed by paired antibodies for Flip or His-Tag (Santa Cruz Biotechnol-Student's t-test. A value of p < 0.05 was considered to ogy) and then with secondary antibodies coupled to be statistically significant. The level of significance was Alexa 488 at 37°C for 1 h. Cells were covered with adjusted according to Bonferoni to p < 0.05/number of vector shield (Molecular Probes) and examined by fluotests when appropriate. All experiments reported reprerescence microscopy.
sent one of at least three independent replications. MACS Sorting of Transfected Cells. For evaluation of transfection rate and for quantitative assays, keratino-RESULTS cytes were transfected with a gene of interest and Heterotopic Expression of Flip, Faim, and LFG pMACS Kk. Trypsin (500 µl) was added, after which in Recombinant Keratinocytes the cells were incubated in 100 µl FCS (15 min at RT)
To investigate the practicability and efficiency of hetand then resuspended in PBS/EDTA to a total volume erotopic expression of antiapoptotic proteins in human of 2 ml. The magnetically labeled cells were separated keratinocytes to protect them from T-cell-mediated apoby MACS as previously described. Transfected cells ptosis in coculture, we transfected cells with our three were counted and the apoptotic activity was measured previously chosen cDNAs. An inhibitory function of using a fluorescent caspase substrate assay, Apo-One Fas-mediated apoptosis had been previously reported for (Promega), as recommended by the manufacturer.
all gene products. Briefly, 10,000 cells were seeded into 96-well plates in
The amplified genes showed the full-length 1442-bp supplemented keratinocyte medium, 100 µl substrate gene for Flip (AF 010127) as well as the 540-bp gene was added, and the cells were then incubated at 37°C
for Faim (NM_018147) and the 1040 gene coding for for 1 h. Fluorescence was measured at 485 nm with a LFG (NM_012306) as published in the NCBI gene fluorescence reader (Genios, Tecan).
bank. The PCR products were integrated into the pcDNA5/FRT/V5-His-TOPO Vector (Invitrogen) and Coculture transformed into One Shot TOP10 E. coli for cloning. The cultivated human keratinocytes were transfected Transfected human keratinocytes were cocultured with CD8+ T cells or stimulated with anti-CD95. The analy-with either Flip, Faim, or LFG. To identify the expression of our target proteins the total protein of the recom-sis included: 1) microscopy, 2) Annexin-V staining, 3) binant keratinocytes was harvested 24 h after transfec-pared to cells transfected with Flip (10,350.5, n = 6), Faim (11,334.7, n = 6), LFG (10,518, n = 6), and empty tion. The results of a Western blot analysis show the expression of Flip (55 kDa), Faim (20.2 kDa), and LFG vector (11, 196 , n = 6), there was no significant difference (Flip p = 0.13, Faim p = 0.68, LFG p = 0.25, empty (34.6 kDa). The protein expression was also revealed in an immunofluorescence study ( Fig. 1) .
vector p = 0.78) (Fig. 2) . To evaluate the efficiency of our transfection we Keratinocytes With Heterotopic Expression of Either counted positively transfected keratinocytes. After co-Flip, Faim, or LFG Appeared to be Preserved transfection with pMACS Kk, positive cells were lain Coculture With Allogeneic T Cells beled with magnetic beads and separated using MACS. The transfection rate was 24.2 ± 3.03% (n = 8).
In order to evaluate whether the heterotopic expression of Flip, Faim, or LFG showed a protective effect Transfection With Antiapoptotic Proteins Does Not on the keratinocytes from T-cell-mediated cell death, we Influence the Vitality of Human Keratinocytes kept the recombinant keratinocytes of interest in coculture with allogeneic T cells (CD8+). Primary non-In order to determine whether transfection or the heterotopic expression of our target proteins influenced the transfected keratinocytes were cocultivated as a control. First we measured microscopically detectable changes vitality of the cells, we measured the apoptotic activity in recombinant keratinocytes for method evaluation. The of the cells after 24, 48, and 72 h in coculture ( Fig. 3 ).
Analysis of the T cells revealed their activation and ro-caspase activity in cells transfected with either Flip, Faim, or LFG was measured and compared to the activ-bust proliferation. No alterations of cell shape were detectable microscopically; however, a high degree of cell ity in nontransfected cells. Due to the fact that the expression of antiapoptotic proteins could inhibit a pos-division was found. While the T cells displayed unaltered morphology in all groups, observation of the kera-sible transfection-induced cell death, empty vector transfected cells were also compared. In a total of approxi-tinocytes showed difference in appearance between the recombinant and control groups. The untreated control mately 10,000 cells, apoptotic activity was measured (relative fluorescence units, RFU). The apoptotic activ-group showed alterations in cell shape and a reduction in cell number at all times of observation. After 24 h in ity in nontransfected cell was 10,947.8 (n = 6). Com- for apoptosis, in order to differentiate them from necrosis. The apoptotic activity of the cells was determined by FITC-labeled Annexin-V, an early marker for apoptosis. Forty-eight hours after coculture with CD8+ T cells, keratinoctyes were separated and Annexin-V and PI were added. The effect on recombinant cells with expression of either Flip, Faim, or LFG was observed fluoroscopically. The results show Annexin-V positively stained cells in all groups (Fig. 5) . Cells with Flip, Faim, or LFG expression show less apoptotic activity after coculturing. 
Caspase Activation After Stimulation With Anti-CD95

Is Decreased in Keratinocytes With Heterotopic
Apo-One assay for detection of apoptotic activity (relative flu-
Expression of Either Flip, Faim, or LFG
orescence units, RFU) in human keratinocytes after treatment.
After confirmation of apoptotic activity in keratino-
There was no statistical significance: Flip (p = 0.13), Faim cytes, induced by coculturing with T cells, the cells were (p = 0.68), LFG (p = 0.25), empty vector (p = 0.78).
additionally stimulated with anti-CD95 (Fas). Caspase activation in keratinocytes was thereby revealed. Transfected cells were sorted as previously described and then coculture, changes in cell morphology were observed. The cells developed apoptotic bodies and loss of cell stimulated with anti-CD95. The total protein from keratinocytes was harvested after 24 h. A Western blot anal-structure. After 48 and 72 h, these findings were more pronounced and the alterations correlated with a reduc-ysis using specific caspase-8 antibodies for the detection of procaspase-8 (50 kDa) and the active cleavage prod-tion in the number of keratinocytes. Furthermore, after 72 h, vital cells were hardly detectable ( Fig. 3a-c) . Ob-uct (20 kDa) revealed cleavage of procaspase-8 in primary control keratinocytes after stimulation with anti-servation of recombinant human keratinocytes with heterotopic expression of either Flip (Fig. 3d-f ), Faim (Fig.  CD95 (Fas) (Fig. 6 ). As expected, procaspase-8 was detectable in all groups. Also expected was the lack of 3g-i), or LFG ( Fig. 3k-m) revealed the cells to be fully preserved at all times and for all three groups. The cells caspase activation in any of the unstimulated cells, whether from the control or the experimental groups. retained their structure and appeared vital. Microscopically, neither signs of rejection nor apoptotic changes to Moreover, no activation was observed in stimulated cells from the experimental groups. Activated cleavage cell morphology were visible. Furthermore, no reduction in the number of keratinocytes was observed. The mi-products were found only in the stimulated cells from the control groups. croscopic data were confirmed by the PI staining after 72 h (Fig. 4) . The recombinant keratinocytes with ex-For quantification of the apoptotic activity, previously sorted Flip-, Faim-, and LFG-expressing cells pression of either Flip, Faim, or LFG exhibited appropriate reduction of PI-positive cells in all groups com-and control cells were stimulated with anti-CD95 and caspase activity was measured using Apo-One. The apo-pared to the control. Faim-and LFG-expressing cells showed an even higher degree of protection from cell ptotic activity after stimulation was tested for significance with n = 12 in all groups (Fig. 7) . There was no death in coculture than Flip. Cell death was hardly detectable in either group. significant increase of the apoptotic activity in recombinant keratinocytes of our experimental groups following Apoptotic Cell Death Is Decreased in Keratinocytes stimulation with anti-CD95 (Flip, p = 0.66; Faim, p = With Heterotopic Expression of Either Flip, Faim, 0.42; LFG, p = 0.44). There was, however, a significant or LFG in Coculture With Allogeneous T Cells increase in the control group with primary keratinocytes (p = 0.043). The aim of the study was to demonstrate the protective activity of heterotopic expression of either Flip, DISCUSSION Faim, or LFG in recombinant human keratinocytes in order to facilitate allografting. The reduction of cell This study investigated the use of genetically modified keratinocytes as a new therapeutic tool in burn med-death in recombinant keratinocytes expressing the target proteins was objectified in cocultures with CD8+ T icine. Our aim was the creation of human keratinocytes that are resistant against immunogenic rejection in order cells.
As rejection is understood to be effected through apo-to allow the allotransplantation of these cells. A heterotopic expression of specific antiapoptotic proteins in hu-ptosis, we substantiated our findings with specific assays man keratinocytes was shown to protect the recombinant intensive care medicine, and the surgical concept. It is well known that the debridement of heat denaturated cells from T-cell-mediated apoptosis in interaction with allogeneous CD8+ T cells.
proteins in wounds accelerates the healing tendency. The early necrectomy and immediate wound closure is These results could mean the cellular base for the development of a skin equivalent. The tissue engineer-essential for the prognosis and represents a life-saving therapy following massive burn injuries (2,16). The gold ing of skin would be the ultimate tool for surgeons facing the challenges of severe burn injuries. The modern standard for the resurfacement is the conventional autologous split skin grafting. In patients with severe burns treatment concepts in burn medicine include the improved understandings of the burn disease, advances in covering more than 50% of the total body surface area (TBSA), however, this technique is limited by a lack of inhibiting properties of some specific proteins for the development of immunologically tolerable transplants is sufficient donor material and critically enlarges the wound surface. a fascinating, yet highly controversial, means of allogenic transplantation. Multiple research groups have inves-A number of allogeneic or alloplastic materials have been developed in the past to overcome this problem but tigated the role of antiapoptotic proteins and other apoptosis-regulating pathways that target the development have meant only a temporary wound coverage or have had poor results. Allogeneic skin grafts may be inte-of new therapeutic options in cancer treatment and transplantation. Some survival proteins are well character-grated in the wound initially but finally undergo immunogenic rejection (3). Furthermore, the use of cultured ized. They affect either the intrinsic pathway with mitochondrial release of cytochrome-c or the extrinsic autologous skin substitutes requires a significant amount of time for its cultivation and is also plagued by contro-pathways involving engagement of the death receptors. The understanding of those proteins and their function versies surrounding its indications for use as well as its advantages and disadvantages (6, 14) . The efforts to (e.g., Bcl-2 and c-Flip) opened a valuable approach in the development of new therapeutic options in cancer overcome these problems have led to numerous innovative techniques and combinations (5,7,21,22,24), but an treatment by a specific blockade or downregulation. Concerning transplantation, it has been shown that optimized solution for the tissue engineering of skin still eludes us. Circumvention of these problems is an impor-the overexpression of Bcl-2 in human dermal microvascular endothelial cells by retroviral transduction resulted tant issue for the application of immunomodulating strategies. Artificial skin should be immunologically tol-in prolonged survival and allowed the incorporation of human endothelial cells into mouse capillaries (28). Flip erable, enabling the immediate grafting of large areas in a single procedure, sterilizable, and free of infection, is a protein with structural similarity to caspase-8, but lacking the active caspase domain. The inhibition of ap-with a favorable cost/benefit ratio and an effective shelf life.
optosis by c-Flip L was supported by most data. Examinations on mice deficient in c-Flip showed c-FLIP −/− A tolerance to immune mechanisms is one principle of tumor growth. This is based on an imbalance between mouse embryonic fibroblasts (MEFs) more sensitive to apoptosis (41) . In a comparative study investigating the proliferation and apoptosis. The utilization of apoptosis- TRAIL sensitivity of primary and transformed keratino-cine. In order to investigate the capacity of heterotopic expression of antiapoptotic proteins to protect keratino-cytes, Leverkus et al. determined there was a primary dependence on intracellular Flip expression levels rather cytes from T-cell-induced apoptosis, we evaluated the practicability and efficacy of genetic modification in than receptor expression levels (25).
Based on this standard of knowledge we wondered vitro, by coculturing recombinant human keratinocytes with allogeneous CD8+ T cells. about a possible utilization of those mechanisms to develop a new therapeutic approach in transplant medi-Gene therapy in keratinocytes is a well-established Figure 7 . Quantitative analysis of caspase activity in keratinocytes stimulated with anti-CD95 or left untreated. Stimulation with anti-CD95 shows a significant increase of apoptotic activity in primary keratinocytes (*p = 0.04, n = 12) but not in Flip (p = 0.66), Faim (p = 0.42), or LFG (p = 0.44) expressing cells (ns, not significant, p > 0.05).
method. The autologous transplantation of genetically
After MACS separation, the nontransfected cells showed an increased apoptotic activity prior to anti-CD95 stimu-modified keratinocytes with concerted protein expression is used for the local or systemic treatment of vari-lation. Because negative effects of transfection on the keratinocytes have been ruled out previously (Fig. 2) , ous inherited and acquired disorders (8, 10, 38) .
For this study we investigated three different proteins these findings indicate that MACS sorting might induce stress-mediated apoptosis. This is, however, reduced by with inhibitory function on Fas-mediated apoptosis. The first protein was c-Flip, as previously described, a well-the expression of our target proteins. A high expression of c-Flip in primary keratinocytes characterized protein with inhibitory function on caspase-dependent apoptosis. To evaluate the efficacy of has been previously described and led to an increased TRAIL sensitivity in comparison to transformed keratin-the apoptosis blockade by targeting different signaling pathways we chose the Fas apoptosis inhibitory mole-ocytes (25). In our study, though, the native expression observed did not prevent T-cell-or anti-CD95-induced cule (Faim), with inhibitory effect depending on ERK and NF-κB signaling (29, 31, 33, 42) . The third protein apoptosis. These findings demonstrate dependence of the proapoptotic/antiapoptotic function of c-Flip on the chosen was named Lifeguard (LFG). The exact mechanism by which LFG inhibits apoptosis is not yet fully expression levels (9) . The native expression of c-Flip L in keratinocytes shows sensitization to Fas-induced apo-understood (32).
In our study, we achieved the successful transfection ptosis, while high expression levels after transfection show apoptosis-inhibitory function. of primary human keratinocytes, with the recombinant cells showing expression of our target proteins. The
The ectopic expression of Faim and LFG in recombinant cells also led to strong protection of the cells in treatment did not show any negative effect on their vitality. To evaluate the protective effect against apoptosis, coculture. Sensitization to Fas or T-cell-mediated apoptosis was reduced, and no significant activation of cas-the main mechanism of acute and chronic allograft rejection, we examined the apoptotic activity in vitro. Re-pase was detectable after treatment.
The role of apoptosis-regulating pathways was inves-combinant keratinocytes were cocultured with freshly isolated allogeneous CD8+ T cells or were stimulated tigated by multiple groups as a main target in cancer research. Blockade and downregulation have opened a with anti-CD95 to mimic an immune reaction. Observations that vascular endothelial cells expressing MHC valuable approach in the development of new therapeutic options. Flip is one of the target proteins but its thera-class I and several T-cell co-stimulatory molecules were capable of inducing a CD8+ T-cell response in vitro peutic use in transplantation is less well investigated. In a Flip-transfected B-cell line, A20, apoptosis was re-demonstrated that an acute alloresponse can be triggered by cells that are of nonhematopoetic origin. Further-duced by blocking caspase-8 recruitment. The inhibition of Fas-mediated apoptosis by the B-cell antigen receptor more, the ability of CD8+ cells to recognize alloantigens and reject allografts in the absence of other T cells was was shown to be Flip dependent (40). Protection from Fas-mediated apoptosis in human CD34+ hematopoietic shown in several studies (15, 20) .
In our study, the prevention of c-Flip, Faim, or LFG stem cells was also shown to correlate with high Flip expression levels (19) . The apoptosis-inhibitory function expression was detected by several specific methods. Primary keratinocytes were used as controls for all tests.
of c-Flip has been well characterized in many fields (12, 13) , though investigations of its potential role for Microscopic examination of keratinocytes in interaction with T cells revealed a reduction of keratinocyte cell transplantation have not been published. The heterotopic expression of antiapoptotic proteins in recombinant ker-death after genetic modification. Apoptosis detection assays included Annexin-V staining, which confirmed atinocytes is a new approach in transplantation. Our results show that induction of apoptosis in vitro is signif-the programmed cell death of keratinocytes. For quantification, the caspase activation was detected in keratino-icantly reduced after transfection with a single antiapoptotic protein. This supports the conclusion that hetero-cytes following stimulation with anti-CD95. This required the separation of the recombinant cells using topic expression of antiapoptotic proteins effectively prevents cells' rejection in vitro, thereby opening a new MACS to allow repetitive analysis. Qualitative and quantitative assays yielded impressive results, which therapeutic approach in transplantation. Further studies using animal models are indicated to were confirmed by statistical analysis. The effect of apoptosis-inducing treatment that led to a significantly in-evaluate whether our recombinant cells can induce immunological tolerance in vivo. The influence of hetero-creased apoptotic activity in the control was missing in all experimental groups. This indicated a protective ef-topic protein expression and inhibition of apoptosis on the inflammatory phase of wound healing as well as the fect on recombinant keratinocytes by the expression of Flip, Faim, or LFG.For MACS sorting, the control kera-interaction with other dermal and immune cells should be tested. The feasibility of preventing the acute rejec-tinocytes were treated according to the same protocol.
tion of allografted cells by a transient expression of Flip,
selected and cloned to create a stably transfected keratinocyte cell line. In vitro and in vivo studies on the Faim, or LFG in the organism is a question still to be investigated.
properties and interactions of these cells will cover the aspects of immunity in the organism. Additional studies are also needed, as detailed information on the mechanisms by which Faim and LFG in-Other long-term studies in vitro and in vivo should evaluate whether cell suicide and proliferation will hibit apoptosis have yet to be determined. The characterization of these inhibitory molecules, their intracellular achieve a physiologic balance. The results will induce new approaches for the optimization of the vectors. Not localization, and the identification of interacting molecules, as well as their mechanisms of activation and in-only might the combination of different antiapoptotic proteins show new aspects of tolerance induction, the activation, are also needed.
The expression of antiapoptotic proteins is a well-integration of a promoter for the regulation of the protein expression would potentially allow predictable known phenomenon in various tumor cells types. The circumvention of immunogenic pathways by inhibition safety for the clinical use.
If an immunological tolerance of our cells is reliable of apoptosis as found in tumor biology seemed to be a promising approach for the protection of allografted without the use of immunosuppressive treatment, this model should be considered as an innovative cellular cells from rejection. In our study we were able to prevent recombinant keratinocytes from T-cell-induced ap-base for the development of allogenic skin. The ex vivo transfection of keratinocytes is well es-optosis in vitro. But despite these positive results regarding the practicability and efficacy, questions still remain tablished. Its use in the tissue engineering of skin or in the transfection of skin grafts could mean the unlimited regarding the limitations of this approach in transplantation. The induction of immune tolerance in keratinocytes use of human or even xenogenic cells or skin, allowing transplantation without rejection of the graft. A combi-by the expression of apoptosis-inhibitory proteins means a proteomic change to resemble some of the characteris-nation with autologous keratinocytes at the time of transplantation might also be a promising approach lead-tics of tumor cells. In addition to immune tolerance, the expression of these proteins might mean a resistance to ing to an ultimate nonrejectable skin. To summarize, we were able to show that constitutive many other apoptosis-inducing mechanisms, including therapeutic approaches such as are found in cancer therapy.
expression of a single antiapoptotic protein is a useful approach for the reduction of T-cell-mediated rejection Whether the expression causes an enhancing effect on tumor growth or is a fundamental mechanism of tu-in vitro. We therefore conclude that this method opens a new perspective in transplantation and tissue engineer-morigenesis is still unknown. Will the genetic alterations activate proto-oncogenes and cause tumors to form?
ing. We were able to confirm that this technique is practicable and effective. Although there are some aspects Will an alteration of homeostasis sufficient to cause abnormal structure and function occur? that remain to be investigated, this method suggests a promising new approach for the circumvention of immu-Many other effects are possible when recombinant cells are allografted. Alterations in the immune response nologic rejection. of the host must be determined. We also do not know if
